This paper deals with the role of regional trade in fostering the resilience of domestic food markets. Using country production and trade data from FAOSTAT database, a series of simple indicators are calculated that shed light on the potential for domestic markets stabilization through trade among African countries within Regional Economic Communities, including the Common Market for Eastern and Southern Africa (COMESA), the Economic Community of West African States (ECOWAS), and the Southern African Development Community (SADC). A regional, economy-wide multimarket model is then used to simulate changes in current productivity levels and trade costs. The findings reveal that it is possible to significantly boost the pace of regional trade expansion and thus its contribution to creating more resilient domestic food markets through modest reduction in the overall cost of trading, a similarly modest increase in crop yields, or the removal of barriers to transborder trade.
Introduction
Recent studies indicate relatively strong trade performance in general by Africa as a whole and a number of individual countries in global markets (Bouet et al; as well as in continental and major regional markets . The increased competitiveness has in general translated into higher shares of regional markets in total exports by the different groupings.
Relatively faster growth in demand in continental and regional markets, compared to global markets, has also boosted export performance by African countries. For instance, during the second half of the last decade, the share of African exports in global markets of all goods and agricultural products in value terms has risen sharply, from 0.05 to 0.21 and from 0.15 to 0.34 percent, respectively, in line with the stronger competitive position of African exporters shown earlier.
By promoting competition and specialization in production, regional trade, similarly to global trade, can contribute to food security through its impact on long term output and productivity growth with their induced effects on employment and incomes. Where these effects are positive, trade raises the availability of food as well as the ability of affected groups to access food. Trade also helps reduce the unit cost of supplying food to local markets, lowering food prices or reducing the pace at which they rise, which in turn improves the affordability of food.
Finally, trade can also help stabilize supplies in domestic food markets and reduce the associated risks for vulnerable groups.
All of the above benefits can be obtained, perhaps in larger extent, through trade with the rest of the world. For instance, one could question why a given country should pursue efforts to expand regional trade as opposed to trade in general for the purpose of stabilizing domestic food supplies, given that world production can be expected to be more stable than regional production. Several factors such as transport costs, foreign exchange availability, responsiveness of the import sector, and dietary preferences provide valid economic justification for country efforts to boost regional trade as part of a wider supply stabilization strategy that would also include increased trade with extra-regional markets. Regional and global trade should therefore be seen as complementary rather than as substitutes.
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The increase in intra-African and intra-regional trade and the rising role of continental and regional markets as major destinations of agricultural exports by African countries suggest that cross-border trade flows will exert greater influence on the level and stability of domestic food supplies. The more countries find ways to accelerate the pace of intra-trade growth, the larger that influence is expected to be in the future. The current chapter examines the future outlook for intra-regional trade expansion and the implications for volatility of regional food markets. It starts with an analysis of the potential for regional trade to stabilize food markets, followed by an assessment of the scope for cross-border trade expansion. A regional trade simulation model is then developed and used to simulate alternative scenarios to boost trade and reduce volatility in regional markets. 3 2. Regional potential for stabilization of domestic food markets through trade Variability of domestic production is a major contributor to local food price instability among low income countries. The causes of production variability are such that an entire region is less likely to be affected than individual countries. Moreover, fluctuations in national production tend to partially offset each other. To the extent that such fluctuations are less than perfectly correlated, food production can be expected to be more stable at the regional than at individual country levels. If that is the case, expanding cross-border trade and allowing greater integration of domestic food markets would reduce supply volatility and price instability in these markets.
Integration of regional markets through increased trade raises the capacity of domestic markets to absorb local price risks by: (i) enlarging the areas of production and consumption and thus increasing the volume of demand and supply that can be adjusted to respond to and dampen the effects of shocks; (ii) providing incentives to invest in marketing services and expand capacities and activities in the marketing sector, which raises the capacity of the private sector to respond to future shocks; and (iii) lowering the size of needed carryover stocks, thereby reducing the cost of supplying markets during periods of shortage and hence decreasing the likely amplitude of price variation.
A simple comparison of the variability of cereal production in individual countries against the regional average is carried out to illustrate the potential for local market stabilization through greater market integration. For that purpose, a trend-corrected coefficient of variation is used as a measure of production variability at the country and regional levels. Country coefficients are then normalized by dividing by the respective regional coefficients. Calculations are carried out for each of the same three regional economic groupings as above and the results are presented in Table A .1 in the annex and plotted in Figures1a -1c below. The bars represent the normalized coefficients of variation which indicate by how much individual country production levels are more (normalized coefficient greater than 1) or less (normalized coefficient less than 1) volatile than production in the respective regions. Gambia, Liberia, Mali, and Senegal, in ECOWAS, showing volatility levels that are more than three times higher than the respective regional levels. The countries in the moderate and high volatility sub-groups would be the biggest beneficiaries of increased regional trade in terms of greater stability of domestic supplies.
The likelihood that a given country will benefit from the trade stabilization potential suggested by the difference between its volatility level and the regional average will be greater the more fluctuations of its production and that of the other countries in the region are weakly correlated. Figures 2 above present the distribution of correlation coefficients between individual country production levels for each regional group. For each country, the lower segment of the bar shows the percentage of correlation coefficients that are 0.65 or less, or the share of countries with production fluctuations that we define as relatively weakly correlated with the country's own production movements. The top segment represents the share of countries with highly correlated production fluctuations, with coefficients that are higher than 0.75. The middle segment is the share of moderately correlated country productions with coefficients that are between 0.65 and 0.75.
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Using the above criteria, countries in the most volatile region, SADC, have the highest concentration of weakly correlated country production levels. As seen from Figure 2c , only three countries have less than an 80 percent share of correlation coefficients below 0.65. The combination of high volatility and weak correlation suggests that countries in this region would reap the largest benefit from increased regional trade in terms of domestic market stabilization.
They are followed by COMESA countries, where 60 percent of the correlation coefficients for any given country are in the below 0.65 category. In contrast, country level production levels in the ECOWAS region tend to fluctuate together more than in the other two regions, as shown by the high share of coefficients that are above 0.75. The division of the region into two nearly uniform sub-regions, Sahelian and coastal, may be an explanation. In general, however, the patterns and distribution of production fluctuations across countries in all three regions are such that increased trade could be expected to contribute to stabilizing domestic agricultural and food markets. But that is only one condition; the other being that there is actual potential to increase cross-border trade, a question that is examined in the next section. (Badiane et al, 2014) . Among the three RECs, SADC had the highest share of intra-regional trade (42 percent) and ECOWAS the lowest (6 percent). COMESA's share of intra-regional trade was 20 percent.
Although SADC does much better than the other two RECs, its member countries still account for far less than half of the value of agricultural trade within the region (Badiane et al, 2014) .
There may be a host of factors behind the low levels of intra-regional trade. These factors may not only make trading with extra-regional partners more attractive, they may also raise the cost of supplying regional markets from intra-regional sources. The exploitation of the regional stabilization potential pointed out above would require measures to lower the barriers to and bias against trans-border trade such as to stimulate the expansion of regional supply capacities and of trade flows across borders. This supposes that there is sufficient scope for specialization in production and trade within the sub-regions. Often, it is assumed that neighboring developing countries would exhibit similar production and trading patterns because of similarities in their resource bases, with little room for future specialization. There are, however, several factors that may lead to different specialization patterns among such countries. These factors include: (i) differences in historical investments in technologies and thus the level and structure of accumulated production capacities and skills; (ii) the economic distance to, and opportunity to trade with, distant markets; and (iii) differences in dietary patterns as well as other consumer preferences that affect the structure of local production as it responds to local demand. The relatively different patterns of specialization of Senegal compared to the rest of Sahelian West Africa or of Kenya compared to other Eastern African countries are a good illustration of the influence of these factors.
Consequently, we use a series of indicators to assess the actual degree of specialization in agricultural production and trade and whether or not there is real scope for trans-border trade expansion as a strategy to exploit the less than perfect correlation between national productions to reduce the vulnerability of domestic food markets to shocks. The first two are the production and export similarity indices through which the relative importance in every country of the production and trading of individual agricultural products is measured and An analysis of the variance of the RCA index is, therefore, carried out to test either of the above possibilities. The results of the analysis presented in Table 2 show that for the entire sample of African countries, nearly two thirds (63 percent) of the total variation of the RCA index across countries and commodities is accounted for by country-to-country variation. The balance of variation is explained by variation across products. The RCA index, like the previous two indicators, thus confirms the existence of dissimilar patterns of trade specialization in agricultural products.
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So far, the analysis has established the existence of dissimilar patterns of specialization in production and trade of agricultural products among countries within and across the three major regions. Two final indicators, the Trade Overlap Indicator (TOI) and the Trade Expansion Indicator (TEI), are calculated to examine the potential to expand trade within the three blocks of countries based on current trade patterns.
They measure how much of the same product a given country or region exports and imports at the same time. The TOI measures the overall degree of overlapping trade flows for a country or region as a whole, while the TEI measures the overlapping trade flows at the level of individual products for a country or region. The results are presented in Figure 4 and et al (2014) . In the vast majority of cases, they are significantly less than 1. The overlapping regional trade flows must therefore be from different importing and exporting countries. In other words, some countries are exporting (importing) the same products that are being imported (exported) by other member countries in their respective groupings, but in both cases to and from countries outside the region. By redirecting such flows, countries should be able to expand trans-border trade within each of the groupings.
The TEI indicates which products have the highest potential for increased trans-border trade based on the degree of overlapping trade flows. Table 3 lists the 20 products with the highest TEI value for each of the three regions. The lowest indicator value for any of the products across the three regions is 0.41. RCA values for the same products presented in Badiane et al (2014) are all greater than 1, except for only three products: fresh fruits in ECOWAS, bananas in COMESA, and chocolate products in SADC. The fact that products with high TEI also have high RCA indicator values point to a real scope for trans-border trade expansion in all three subregions.
The findings above point to the existence of a real potential to expand intra-trade in all three regions beyond the levels shown in Tables 1 above, even with current production and trade patterns. The remainder of the chapter therefore analyzes the outlook for intra-trade expansion 14 and the expected impact of volatility of regional food markets over the next 15 years. This is done by simulating alternative policy scenarios to boost intra-regional trade and comparing the effects on the level and volatility of trade flows up to 2025 to historical trends and outcomes under a baseline scenario that would continue these trends. Simulations of changes are carried out using IFPRI's regional Economy-wide Multimarket Model (EMM) described below 4 .
The regional trade simulation model
Simulations of changes are carried out using IFPRI's regional Economy-wide Multimarket Model (EMM) 5 . The original model is augmented in this study to account for intra-versus extraregional trade sources and destinations as well as informal versus formal trade costs in intraregional trade transactions. In its original version, the EMM solves for optimal levels of supply , demand and net trade (either import or export ) of different commodities for individual member countries of the modelled region.
Supply and demand balance at the national level determines domestic output prices as stated by equation (1) while equation (2) connects domestic market prices to domestic output prices taking into account an exogenous domestic marketing margin . The net trade of a commodity in a country is determined through mixed complementarity relationships between producer prices and potential export quantities, and between consumer prices and potential import quantities. Accordingly, equation (3) ensures that a country will not export a commodity ( , = 0) as long as the producer price of that commodity is higher than its export parity price, where is the country's FOB price and is an exogenous trade 18 margin covering the cost of moving the commodity from and to the border. If the domestic market balance constraint in equation (1) requires that the country exports some excess supply of a commodity ( , > 0), then the producer price will be equal to the export parity price of that commodity. Additionally, equation (4) governs any country's possibility to import a commodity, where is its CIF price. There will be no import ( , = 0) as long as the import parity price of a commodity is higher than the domestic consumer price. If the domestic market balance constraint requires that the country imports some excess demand of a commodity ( , > 0), then the domestic consumer price will be equal to the import parity price of that commodity.
In the version used in this study, the net export of any commodity is modelled as an aggregate of two output varieties differentiated according to their market outlets (regional and extraregional) while assuming an imperfect transformability between the two export varieties.
Similarly, the net import of any commodity is modelled as a composite of two varieties differentiated by their origins (regional and extra-regional) while assuming an imperfect substitutability between the two import varieties.
In order to implement export differentiation by destination, the mixed complementarity relationship in equation (3) is replaced with two new equations which specify the price conditions for export to be possible to both destinations. Equation (5) indicates that for export to extra-regional market outlets to be possible ( > 0) suppliers should be willing to accept for that destination a price that is not greater than the export parity price.
Similarly, equation (6) assures that export to within-region market outlets is possible ( > 0) only if suppliers are willing to receive for that destination a price that is not more than the regional market clearing price adjusted downward to account for exogenous regional trade margins incurred in moving the commodity from the farm gate to regional market. (See equation 17 below for the determination of .)
Subject to these price conditions, equations (7) -(10) determine the aggregate export quantity and its optimal allocation to alternative destinations. Equation (7) indicates that the aggregate export of a commodity by individual countries is obtained through a constant elasticity of transformation (CET) function of the quantity sold on extra-regional market outlets and the quantity sold on intra-regional market outlets, where , and represent the CET function exponent, share parameter and shift parameter, respectively. Equation (8) is the first-order condition of aggregate export revenue maximization problem, given the prices suppliers can receive for the different export destinations and subject to the CET export aggregation function. It says that an increase in the ratio of intra-regional to extra-regional destination prices will increase the ratio of intra-regional to extra-regional export quantities, i.e. a shift toward the export destination that offers the higher return. Equation (9) helps identify the optimal quantities supplied to each destination; it states that aggregate export revenue at producer price of export is the sum of export sales revenues from both intra-regional and extra-regional market outlets at supplier prices, while equation (10) sets the producer price of export to be the same as the domestic output price , which is determined through the supply and demand balance equation (1) as earlier explained.
Import differentiation by origin is implemented following the same treatment as described above for export differentiation by destination. Equation (4) is replaced with equations (11) and 20 (12). Accordingly, import from the extra-regional origin will happen ( , > 0) only if domestic consumers are willing to pay for the extra-regional variety a price that is not smaller than import parity price. Futrthermore, import from intra-regional origin is possible ( , > 0) only if domestic consumers are willing to pay the intra-regional variety at a price that is not smaller than the regional market clearing price adjusted upward to account for exogenous regional trade margins incurred in moving the commodity from the regional market to consumers.
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Under these price conditions, equation (13) represents aggregate import quantity as a composite of intra and extra-regional import variety quantities and , respectively using a constant elasticity of substitution (CES) function, with , and standing for the CES function exponent, share parameter and shift parameter, respectively. The optimal mix of the two varieties is defined by equation (14), which is the first-order condition of aggregate import cost minimization problem, subject to the CES aggregation equation (13) and given import prices from both origins. An increase in the ratio of extra-regional to intra-regional import prices will increase the ratio of intra-regional to extra-regional import quantities, i.e. a shift away from the import origin that becomes more expensive. Equation (15) identifies the specific quantities imported from each origin. It defines total import cost at consumer price of import as the sum of intra-regional and extra-regional import costs, while equation (16) sets the consumer price of import to be the same as the domestic market price , which is determined through equations (1) and (2) as earlier explained
Having determined export quantities and prices by destination and import quantities and prices by origin, the regional market clearing price can now be solved. Equation (17) imposes the regional market balance constraint by equating the sum of intra-regional export supplies to the sum of intra-regional import demands, with standing for discrepancies existing in observed aggregate intra-regional export and import quantity data in the model base year.
Thus, is determined as the price that ensures the regional market balance.
The model is separately calibrated to each of the three RECs. Calibration is performed such as to replicate, for every member country within each REC, the same production, consumption and Four different scenarios are simulated using the EMM. The first is the baseline scenario described above which assumes a continuation of current trends up to 2025. It is used later as a reference to evaluate the impact of changes under the remaining three scenarios. The latter scenarios introduce the following three different sets of changes to examine their impacts on regional trade levels: a reduction of 10 percent in the overall cost of trading across the economy; a removal of all cross-border trade barriers, that is a reduction of their tariff equivalent to zero; and an across the board 10 percent increase in yields. These changes are to take place between 2008, the base year, and 2025. The change in cross-border exports is used as an indicator of the impact on intra-regional trade. In the original data, there are large discrepancies between recorded regional exports and import levels, the latter often being a multiple of the former. The more conservative export figures are therefore the preferred indicator of intra-regional trade.
Intra-trade simulation results
The results for the different regions are presented in ECOWAS. This is in line with the current structure of and trends in commodity demand and trade. While the increase in demand for roots of tubers is being met almost exclusively from local sources, the fast growing demand in cereals is heavily tilted towards rice, which is supplied from outside of the region. The two leading cereals that are traded regionally, maize and millet, therefore benefit less from the expansion of regional demand and have historically seen slower growth in trade than roots and tubers. In the case of SADC, it is particularly the rise of Angola as a main exporter of roots and tubers starting in 2013 that explains the strong boost in regional trade for that commodity. The sole exporter before was Zimbabwe with very modest quantities, hence the high rates of growth of overall regional exports.
The story is a bit different in the case of COMESA. As was already apparent from the market share analysis carried out earlier, the COMESA regional market has been the least dynamic of the three regional markets and the only one associated with a negative market effect. COMESA is the only region where member countries as a group have experienced a decline in competitiveness. The underwhelming performance is reflected in the baseline scenario. If current trends were to continue, the levels of intra-regional trade would continue to stagnate, except in the case of cereals. And even in the latter case, the decline in trade volumes would be The COMESA region shows similar increases in overall trade in staples. Cereals trade tends to respond less in proportional terms but, because of initially higher levels, the accumulated additional volume of regional trade is much higher, ranging from 0.7 million to more than 3.0 million tons above the baseline. Also, compared to ECOWAS, intra-regional trade seems to respond more to changes in overall costs of trading and yields than to changes in cross-border barriers. This may be explained by the fact that equivalent tariffs constitute a smaller fraction of producer prices and hence changes in barriers result in smaller changes in incentives. Trade in the SADC region too seems to respond more to changes in trans-border trade barriers and yields, as in the case of ECOWAS. A 10 percent increase in yields would raise trade in staples by a cumulative volume of slightly more than 3.0 million tons by 2025 compared to the baseline scenario.
Regional market volatility under alternative policy scenarios
Under each scenario, model simulated quantities of intra-regional exports are used to estimate an index of future export volatility at country and regional levels as follows. Finally, the coefficients of variation at country level are normalized by dividing them by the respective regional coefficients.
The historical and simulated levels of volatility of cross-border trade in food staples in the various regions under historical trends and each of the alternative scenarios are reported in Table 4 . Volatility levels under historical trends are calculated based on the TradeMaps database. In Table 5 
Conclusions
The current chapter has examined the existing potential to use increased intra-regional trade among Africa's main regional economic communities as a means to raise the resilience of domestic food markets to shocks across their member countries. The distribution and correlation of production volatility as well as the current patterns of specialization in production and trade of agricultural products across countries suggest that it is indeed possible to raise cross-border trade to reduce the level of instability of local food markets. The results of the baseline scenario indicate that continuation of recent trends would sustain the expansion of intra-regional trade flows in all three regions, particularly in the ECOWAS region. The findings also reveal that it is possible to significantly boost the pace of regional trade expansion and thus its contribution to creating more resilient domestic food markets through modest reduction in the overall cost of trading, a similarly modest increase in crop yields, or the removal of barriers to trans-border trade. More importantly, simulation results also suggest that such policy actions to promote trans-border trade would reduce volatility in regional markets and help lower the vulnerability of domestic food markets to shocks. Figure A3 because of outliers.
